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A Dual Band Diversity WLAN Antenna System for laptop computers, printers 

and similar devices 

Vijay Nahar & Brian CqIUhs 

Summary 

The present invealion relates to a novel antenna, which may cover the fiequency 
bands used for IEEE802,lla^/g wireless LANs, comprisitLg a dual-band radiator 
coupled to a microstrlp transmission line by mestns of a shaped ceramic pellet. The 
device is designed to be fitted into the display section of laptop computers^ but may 
also find applications in devices that communicate with compters such as printers, 
and the like. Hie devices are designed to operate in pairs with good isolation between 
them, so as to create diversity in the antenna system. 

JEatrodnctiain. 

The introduction of wireless LAN" connectivity has created a demand for compact 
low-cost antennas covering the frequency bands 2,4 — 2.5GHz and 4.9 — 5*9GHz. 
These are typically fitted to laptop computers and PDAs, and they will soon be fqund 
in printerSjScamters and other peripheral devices. S 

The essential properties for these antennas are high efficiency^, and radiation patterns 
which are as nearly omnidirectional as possible - even when mounted on the target 
device. These electrical parameters must be combined with physically small 
dimensions and the potential for production at very low cost. Most antennas will be 
directly connected to a sub-miniature coaxial cable and the antenna design must 
embody a suitable means of attachment that will control the placement of the cable 
accurately enough to ensure good repeatability of input matching. 

Dual Band Antenna Structure 

According to the present invention, there is provided a dual band antenna device 
comprising a dielectric substrate having opposed first and second surfaces, a 
groundplane on tlie second surface, a microstrip transmission tine on the first surface, 
a dielectric pellet on mounted on the &st surface on the microstrip transmission line, 
and a bifurcated planar inverted-L antenna (PILA) component mounted on the JSrst 
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surface, the PILA component having first and second anns which extend over and 
coatact a surface of the dielectric pellet, the first ami contacting a different aiea of flie 
surfece of the dielectric peMet tttan the second ann, the PILA also being electeicaUy 
codnected to the gttnmc^lazte. 

The dielectric substrate may be in the form of a printed circuit boaid (PCS) wittt a 
metaUised (generaUy copper) groundplane. A particularly preferred dielectric 
srubstrate is a Dntoid® PCB. 

Hie dielectric pellet is preferably made of a high permittivity ceramics material, far 
example having a relative pctmitfivity of arotind 6. 

The ceramic peUet is j^eferably an elongate oblong with a generally flat upper sut&ce 
(i.e. the sur&ce of the pdlet distal fix>m the first surfeoe of the dielectric substtate), 
and in a particularly preferred embodiment is formed as a bridge stracture such that it 
contacts the microstrip transmission line only at its ends. 

The biftttcated Pn^ is iweferably arranged substantially in Kne with the elongate 
ceramic peUet, and the first a«m of the PILA preferably exteotids across and contacts an 
entire length of the upper smfece of Ih© ceramic pellet, while the second arm of the 
PILA is preferably shorter flian the first arm and contacts only one small part of the 
upper surfece of the ceramic pellet ite end of the PILA distal from the arms may 
connected to the groundplane by way of conducti^^ pins that pass through the 
dielectric substrate. 



Jh contrast to traditional dielectric resonator antenna (DRA) structures, where the 
ceramic pellet (the resonatw) is fed at a single point (e.g. by a probe or slot feed), ihe 
ceramic peUet in the present invention is fed along its length where it contacts the 
microstrip transmission line. The ceramic pellet docs not itself radiate. si,gmficantly, 
but serves as a dielectric load for the aims of the PILA. whichOs ih^niaia xsdiating 
stnxcrtute. 
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At lower firequeiLcy bands, e.g. 2,4GHz, the first, longer arm of the PBLA tends to be 
the main radiator, and is excited by the electromagnetic field in a ccmier of the 
ceramic pellet near flxB end of the i3ust arm- 

At higher frequency bands, e-& 5-5GHz, the second, shorter aim of the PILA tends to 
be the main radiator^, and is excited by the electromagnetic field in a comer of the 
ceramic pellet near the end of the second arm. 

Nevertheless, it is to be appreciated that the whole of the ceramic pellet can excite the 
PIT. A to a greater or lesser extent depending on the firequency and also on specific 
design factors. 

By exciting the two arms of the PILA in different ways, the present invention 
provides a novel dual band hybrid anteima. 

In a particular example, shown in Figure 1, the antenna comprises three major 
components: 

Radiating element: This is a narrow quarter-wavelength grounded patch with sepapte 
resonators for each firequency band. 

Microstrip feed line: The radiating elements are excited fiom a microstrip feedline 
entering the structure at the open-circuit end. The feedline incorporates a matched 
microstrip/coaxial transition to allow the antenna to be fed fi-om a subminiature 
coaxial cable (L2nm[i diameter). 

Ceramic pellet: The shaped ceramic pellet (ex = 6) loads the radiating element, 
reducing its physical length, and also enhances the coupling between the element and 
the &edline. 

The ceramic component is not functioning as a dielectric resonator antenna (DRA), 
yet the operation of the structure is strongly dependent upon its presence for reasons 
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beyond simple dielectric loadii^ for this reason ft is referred to as a hybrid ceramic 
antenna. 

Hie novelty of the invention lies in the following aspects: 

The element is not a PIPA (a planar inverted-F antenna) with a fixed feed 
point tapped into the patch or closely c^acitivly coupled into the patch, as is usual 
practice far ^gjneering small patch antennas. 

The element is a PILA (a planar inverted-L antenna) and has no direct feed 
point Instead it is excited by fee electromagnetic field in a relatively long dielectric 
cerMiiic, which is in tarn fed by a micsrostrip transmission Ima The anangement 
provides a number of additional parameters, such as the shape, dimensions and 
relative pramittivity of the ceramic, and its position relative to boiJi the miciostri^j-Une 
and flie radiating element The optimisation of feese parameters aUow the designer 
substantial choice in the performance of the antenna, as can be seen by flie exanqile. 

The feed is arranged to be at the open end of the PILA, where for a 
conventional feed the impedance would be very high and the antenna would be 
difigculttofeed. 

^^FTUi-i^ltmsmoSl^t novel in itseDJTnit the novel ekmgated dielectric 
feed is an eflfective drive for both arms of the PDLA. driving each at the appropriate 



frequency. 




Biftircated radiating 
element, connected to the 
graundplane at thte end. 



Miorostrip feed with 
ijroundplane bsnestti 



Mgur© 1. Biial Baisd Jiybrid IL&Med FIT. A 
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Simulated Results 

laitial develapmettt of the antenna was* carried out using ttis Ansoft 3D 
electromagnetic simulator, HFSS. The compnter simulation results showed, good 
return loss at the desired frequency bands. The simulation also confirmed the effective 
and independent operation of the two sections of the radiating element and aUowed 
the optimisation of fte size, shape and permittivity of the ceramic pellet. Figures 2 
and 3 show the expected field distributions at the middle of the two opexating 
frequency bands. 




Figure 2. E-field plot at 2.4GHz Band 




Mgvre 3. £-iieEd plot at 5.5GHz Band 

Measured resolfs. 



Input retnm loss The measured input return loss of fho complete antenna and its feed 
cable is shown in Figure 4. The amafl ripples in the measureracaQt are caused by a 
misniatch at the measuremcait poim^ a familiar problem when workiiig with 
subminiatnie cables at high firequencies. 
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figure 4, Measured return loss plot 



It can be seen that the design has been optimised to provide a much wider bandwidth 
at 5GHz than at 2,5GHZj corresponding to the iTequhement. In a practical appHcalion^ 
compensating the connector discontinuity within the coimected device can reduce fhe 
input-end mismatch and corresponding ripple, allowing the target return loss of lOdB 
to be achieved across both bands. 

To investigate isolation performance, a pair of antennas was mounted in a typical 
laptop application on the top of the display with a spacing of 75 mm between them- It 
can be seen that the isolation between the antennas is around 20 dB in the low band 
(where the antennas are electrically closer together) and 40 dB in the high. 
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MHz: S21dB w-Ta*a59 



i 



-/- 



-V 



It 



Figure 5. Isolation between a pair of antennas spaced ISO mm part 



The preferred fsatuiies of ilie mvention are applicable to all aspects of the inveatioa 
and maybe used in. any possible combinatioiL 

Throughout the description and claims of this specification^ tbe words "comprise" and 
"contain" and variations of the words, for example "comprising" and "conigprises", 
mean "including but not limited to", and are not intended to (and do not) exclude 
other components^ integers, moieties, additives or stqps. 
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CLAIMS: 

- 1 . A dual band antenna device comprising a dielectric substrate having opposed 
first and second surfaces, a groundplane on the second surface, a luicrostrip 
transmission liue on the first surfece, a dielectric pellet on mounted on the first 
surface on the microsliip transmission line, and a bifurcated planar inverted-L antenna 
(PILA) component mounted on the first surface, the PILA component having first and 
second anns which extend over and contact a surface of the dielectric pellet, Ihe first 
arm contacting a different area of the surface of the dielectric pdQd: than the second, 
arm, the PILA also being electrically connected to the groundplane* 

2. A device as claimed in claim 1> wherein the dielectric pellet is made of a high 
permitb vity ceramics material, 

3. A device as claimed in claim 1 ox 2» wherem the dielectric pellet is an elongate 
structure with a generally flat exposed surface facing away fix>m the first surfiaDce of 
the dielectric substrate. 

4. A device as claimed in claim 3» wherein the dielectric pellet is formed as a 
iKidge stmcture wifli first and second feet that contact the microstrip tran^ission 

line. ^ 

5. A device as claimed in claim 3 or 4, wherein the bifurcated PILA is arranged 
substantially in line with the elongate dielectric pellet, and wherein the first ami of Ihe 
PILA extmds across and contacts substantially 'a full length of the upper surface of 
the dielectric pelletj while the second ami of the PILA is shorter than the first ami and 
contacts a smaller part of the iqpper surface of the ceramic pellet. 

6. A dual band emtenna device substantiaHy as hcanembeforc described with 
reference to or as shown in the accompanying drawings. 

Pl0475Sgb^ 
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